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AnaJ.ysis   cand  desif?n   of  a  Power  Plant   for   a  prox^osed 
Depa,rtinent    Store   erA   office  Building. 
oOc— "- 

p.uiL'nii'g; 
The   "ouildin,'^';   for  whioh.  this  pov^er  pla.nt    is  design^^fi 
wil].   be    fifteen   stories   ahoye  Mreet   level   and  three  hasements 
helow,    covering   a  half  hlookjiJloO   ft.    ry  325   ft.        An  alley 
separates   the   building  from  the   rest    of  the  block. 

The   buildin?^   is   arranged   for  use   b;/  a  depoxtment 

floors   abo-^eVstreet   level,    and   the   tv/o   upper 
iDB.seinents,    and   the    space   nQ*t   needed   in  t/iird,    or  lowest,    bn ce- 
ment   for   this  "oov/er   plant,    ^';]iioh   requires    about    loO  by  175    ft. 

The   rest   of  thel'^ouilding,    eir-ht    floors,    is   divided 
into   offices   for   rent. 

POWER  WAjTTED: 


store,    for    seven 


The   po'v7er  plant   is   inten^ied  to    furnish  heat,    light, 
and  power   for   the    elevpt.ors. 

EI^rHTS: 
For   lighting   the   bxiilding  both  arc   and   incandescent 
laraps  will  be   used^   in  the    store,    but,    in  the   offices,    incandes- 
cent lights   only. 

ARCS ; 
In   calculating  the   niunber   of  arcs  needed,    it  v/as 
assumed  that   one   arc    ./ould  be   placed   in  the    center  of  each 
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square    formed  >3y  the   pillars,    as    shown  on  plate   I,    first    floor 
plan.        All   the    store   floors   nre  practioallr  alike,    and  the 
■baseraent    and  upper   suh-haserient    nre   fijrared   at   the    spmb   ratio 
for   arc   li/^-hts,   v/hile   the   lower   su"D-ha8eiient   will   hove    inca.n- 
descent   lir-hts,    one    for   fjach  100   sq.    ft. 

The   location  of  incandescent  li^-hts   in  the   offices 
wa,s   indicated  hy  the   architects   on  their  dra.v.-innis. 

The   following   ta.hle    shov;s  the   nural^er  of  D.i.rrhts   of 

each  kind  on  eaxh  floor: 

IPloors:  Arc  Incand. 

Lights  Lio-hts. 

Store  Lov;er   suTohasement    (40.360    sq.ft)  404 

"  Upper  "  80 

"  Basercent  125 

"  Pirst    floor  90 

"  lUezz^.nine    floor   or  haloony 

1   It.    per   30    sq.    ft.    5290    sq.ft  176 

"  Meso.nnine   floor   or  halcony  offices  50 

"  Second  " 

"  Balcony  hetween  2nd   and  3rd   floors 

"  Third   floor 

"  Pourth  floor 

"  Pifth   floor 

"  Sixth  floor 

"  Seventh  floor 

Offices        Eighth   floor 
"  Ninth  floor 

"  Tenth   floor 

Eleventh  floor 
Twelfth  floor 


n 
11 


"  Thirteenth  floor 

Po-urteenth  floor 


II 


103 

7 

20 

93 

183 

131 

122 

90 

60 

125 

90 

83 

40 

330 

380 

380 

475 

475 

475 

475 

217 

"       Fifteenth  floor 

Total  -  927        4352 


As   practicall:/    al?.    the   arcs  './ill    oe    needed  for   lif^ht- 
ing   the    store   at    5:30  P.   ::,    in    the    short    day  season,    or   a.t   the 
peak   01'    the    load,    it    is   assioined  tliat    95^";  of  them   sxe    in    sei-*\rice 
at    that   hour,    the  rer^ia iiilng   5'}'  out   of  seiTice    for  various 
reasons;    hence    the   load  will   be    9b^\  of  927,    or    '•  -  0   arcs.    The 
enclosed   arcs   taking   5  amperes   at   110  Volts   are    to   he    used 
with  multiple   distrihuticn.      This   reo^uires  110  :c   5,    or    550 
Watts  per  lajap   nnd  for   the   oBO  arcs   it  v/111  he    4^4,000  v/atts. 

Allov/   1;':  for  v/ire   loss   ajad  the   total  power   req\iired   is   4SS,F40 

P      488840 
Watts  which  from   the   fonm.ila  1=  R-        110      =   4444   amperes   re- 
quired for    the  arc  li^hits. 

INnAlTDEPCEITTS. 

}<'or  incandescent   lip;hts,    calculations   on   ahout  one 
hundred  office   huilriinf-s    slnm    the   a.hsoi^ute  peak   does  not   exceed 
'fO^  of  the   total  wired   incandescent   lamps.        Hence    here   there 
will   he    ''O'"'   of  4352,    or   3045   lights   in  use    at    the  peak.    Tfiach 
lainp   requ.irej  l/2   ampere    P.t    110  volts,    or   55  Watts   per   l^mp, 
which  for  the  3045   lamps  is  167600  Watts   and   adding  If:    for  wire 
loss,    gives  169275  Watts,    or  1530   amperes   required   for    incaji- 
de  s  c  e  nt   1 amp  s . 

LOAD   ClI-.VES. 

The   average  lighting  loa.d-curves   are   shov;n  on  Plate    II. 
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Drirlng   the  "brighter  part    of   thn  da'"',    the   tv;o    rows   of 
arcs   nearest    the   street  v/indcws   are  net   needed,    as   daylight  v;ill 
si-iffice  for  lighting   that   space.         These  v/ill   come    into   use 
about   2:30    o-»"  5:nn    p.    J!,  ,   v/hile    the   othe>^  arcs    have   l:een    in 
service  since   7:0(1    A,    !I.        The   peak  --/ill   be  reached   abd't    5:30 
P.  :.i. 

Probably  no   arcs   will    he    in  use   during   the  night, 
as  the    incandescent    la^nps   will   supply  v/hat    light    is   needed. 

The    incandescent    light   curve  was    obtained   f^on   the 
Engineering  ^lagasine,    January  and   February,    19CV, ,    and    is    the   curve 
for   the   largest    office  building    in   Mei.'v  Y(irk  Git^'.         This   curve 
was  modified   slightl^^   to   srjit    the   present   case. 

The   peak  occurs   at   5:30    P.   JI.  ,   after  which    time  there 
is   a   rapid  drop  until    7:30    P.   M. ,   and    thereafter  a   fairly 
continuous   night    load   appears. 

The  ordinates   of   the   two    cur^^es  we^e  added,    giving 
curve  !To.    3.      The   peak  of   this   cu-^ve   rep'^'-esents    6080   amperes, 
or   659   K.    W. 

It    3s    possible  for  the   engines   and   gene'^ators    to   run 
for  about  an  ho^jr,   at   50/.    ove)'   thei^^  I'^ated   load;    hence   the 
rating   of   the  gene:^ators    reiuired   to   carry   the   load  at    the   peak 
will   be   669    i-   150;^',    o>-  446   K.   W, 
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nA.CH.i:TES   MEEDED. 


Three   150   K.W.   na  ch  ines  will   carry   this    load. 
Tv/o   cf    the  mchines  will   carr-y   tre     load   fron   7.00    A.,  M.    to  acout 
2. 00    ^.    'I,    ■Then     th^.    lone',    i.y  alio^t     7>70   K.    >r/.    -/hic'i     fe     ?/:f.   over 
the  rated    load   :^o^    the   'vfo  nchir.es.      The   thi">"d  rmchlre  may   then 
he  sta'^ted   a'nd   r,.ll    th'''"ee  will  he  "'"•unning  at    18/^   under   their 
rated    lead-   -.vhich  ."'111   he    ^-eached   at   ahor.t   3,::)C    P.   TT,      By 
4.30    T-i.   '-!.    the  rr.  chines  v-ill    he  ;^5;'    ove^- loaded.      By   5.50    p.   TT. 
under  the   50^.    pcssihilitv  afc^'^errient  io^ied ,    the   en;~lr:es  -.vill 
■•^each    the    peak  of   the   load,    and    ca:^ry   it   for  a   short    ti^.e, 
until    closin,^  the   stoi^e  allo'ws   a  decline   tcM.vard    the  ni^h.t   load. 

This   night   load  rvill   he  car'-^ied   hy    a   75   K.    V,'.   ma- 
chine  in    sei-^vice   fraa   7.50    p.   II.    to    ':'.0C    '\,    ■!. 

One   reser'-e   en~ine  and   ,^ene->:Titor  cf   iro   K.    '".    capacity 
will   he   installed   to    insu^^e   continnity   of   operation   and    per-init 
other     machines   to   he   laid   np   -fv^   "^'e-oal^s. 

ENOIITES. 

Tests    cr\    simple    and    ccmpoi;nd    engines    shew   that    the 
comxpoTind   en.'^ir.e,    '»rr-"kiny   imde'^   a    p>^ess"''"e   of  1  ?,5    to    1.^0    I'cs    per 
)      sqijia'^'e    inch,    ;?ives   hette"  ""esrlts    in   ste.am   consi^mptirn   th-'.n   clres 
the   simple  enfi>ie.      ?or  sake  of   efficiency    and    economy  of  opei'a- 
t  ion   in    th.is  plant,    the  tandem   conpcr.nd   t:'pe  cf    enr-in  e  -.vas 


chosen.      The    ]5C   K,   ^^.    uni's   a^e   14  x  '->-'-'.   x    IS  j--al]    Ji;nr;ine  C(u '3 
tn.rK\era  conpounc"!    'sn-"' ines  ,    di^ev'^t    ccnnected    ^,0   '"e:^t'^->^n.   T^llectric 
Oeiie  ra' r -".s .      The    75  11,   '7.    unit    is   an   ]3    x   1°  x    ]4  Enffalc 
"Fovf-e    Of. '3    tan^'era  conpcirnd   en:^;ine,    dj-ect    ccnnect.ed   tc   a  Piiillcck 
f:  en  era'  ot, 

ELEV\TORS. 

'^-   J  a^"5 e  part   f'f    tlie   pc/e"   in    tr. Is  plant.   •■'i!ll   be  used 
in   th  e  e  ]  e  -/n.  to  r  s  e'^  vi  c  e . 

p-'T-v  i3  ion  is  mde  fcr  ^'A  passenger  and  f'-eirht  ele- 
vators and  (5ne  Van  TilavatC'r.  Twelve  elevators  a^-e  for  rise  of 
tenan-s      cf    the  offices   a?xl    thirty  for    the  store. 

Vertical    c;"'lin  ae''''  hydi^a'';!  ic    ele'^ators   ope''^at  in;^   on 
a  wa  ber  pressl'*''e  of   15C    Ih  s  pei*  square   incli  will    ^^e    installed. 

Cyj^IOE  J^I?^A.TO'^ 

Of   the   t^velve   office   elevators,    eleven   -yill    •■'iin 
"between  fi^-'st    -md  fi:^teonth   floors,    and    one   frrin    lo-;er  3'f'-''c- 
"baserner.t    to    fiftee?ith   flcf'",   i?hich  z^'^^^   rises    c  f   HI  7   ft.    and  261 
f  t .    re 5  p  eo  t  iv  e  ly , 
)  These    elevators   '.vill   he  geared    5    to    1,    ^ivina    piston 

gravel  of   06. '-^   ft.    and  43.;^   ft    ■►^espectlvel'-.      The    ca:^s  y/ill 
carry   loads   of  '^COC    Its  each   and  rnn  at    a  rip.xiimnn   speed   of   40C 
f  t .    per  minut  e. 


It  has   1:  een  lie'^e   asr^Ti&il    that    tlie  lifting  appa^-atrjs  has 

an   efficiency  rf   5n^\  .      Hence  the  size   c-f  c"linaer  ■•-en'';ired. 

^ccr:   X  g 
fcr  each    car   is    15,r:x,^5CJ.  or  ]6C   sqiuare    inches,    !^;hich  ccr- 


responfid   tc  a   diameter   cf    ]  4-1/4    inches. 


150 


One  fcr;  t  of   elevato""  c-linrier   is      144   x    1,    or   1.11 

cuhic    feet,    the    eq^'ivalent    cf    ^Uo'Jy   f;als.    vf  v/ater*. 

V/liile  the  maximum   speed   cf    ca-'-s    is   4Cr    ft.    per  nii^ute, 

it  may   he    safely  assigned    that    the  a'^'^erace   speed,    inclijdinf; 

steps,  'vilj    net   exceed    50;,    of    that    fifntre. 

400   X    .rCy^ 


Hence  the   velocity  of    the   plnnp:er   is  6  or 

33. i5   pfiv.  minnte. 

'I'he  cars  vnlH    he  imde"'"  cont"''o]    c^    sta'^*te'*"s ,    hence   one 
ca""  of  each   •'^-■:^onp  ---ii:!    a]v/av3  he    held   at   h(ittcrri   cf   shaft. 

nuppcsinp;  ■'en   cars    tc-  move  at    one  tine,    they  "-'in 
require   10    x    S.:)3    x   33.3   or  2770    ^^ils.    cf   ''-ja^.ev   pe'f"  minnte. 

-^TOKE   t;ittVATO?;s. 
Of   trie  30    store    e  leva  tors ,  twent;.^    '.h'^ee   a:'"e   fcv  passen- 
ge?"   service,    and    seven   foi^   f^eiylit.  The    former   are   a:^'''"an,r;ecl 

in  .vroTjps   cf   fonr  or   five    tor^ethe"^,    in   various    parts    of      the 
store,    as   showji   on   fi^yst   flco-"  plan   on   Plate   I,    and  all  imder 
d  i-'-'ect  icn   of   sta'^'ters. 

It    is   possihle      for  any   ei;3hteen    cars    to  niovR   at 


one   time.      Each  car   is   intended  to   carry  2000  IT-js.,    and  is 

geared  at    4  to   1,    and  rvLxi   at  rnajcirnuaa  speed  of   250   ft.    per 

miraite.        The   avera-ge   speed,    ir-cliiding   stops,   v/ill   not   exceed 

50^  of  this. 

Allowing   an  efficienc:''   of  SO^*"^,    as  "before,    the    area 
2000  X  4 
of   cylinder   for   each  is   150  x   .50':,    or  107   square    inches;    that 

is, the   dlnrieter   is   11-5/4   inc>ies.        One    foot    of  Cylinder 

107    - 
length  is   144  x  1.,    or    ,743   cuhic    feet  vvhich  equoJ.s  5,57   gals 

of  v/ater.        Hence   assur-iing  that   18  elevators   start    at   one   ti:r.e 

t^y  would  require   IS  x  31.1  x  5.57,    or   5140   gallons  of  v/ater. 

The    BGven  freight   elevators  a.re  lona,ted   in  one    group 

and  pny   six  may  Toe   a. ssuined  to  nove    at   one   time.        The   cars 

Y'.'ill   have  najcinuni   speed   of  200   ft,    per  ninute   and  cnrry  4000x103, 

each,    'ceing  geared  4  to  1, 

Assuming   overage    speed  a.s   50^'^  of  naxiinxiri  the   C37"linder 
4000  X  4 
area   foi"   eacli  car   is  150  x   .50^"^,    or  215    squaxe   inches,    and: 

diajaeter  is   16-1/2   inches.        One    foot    of  cjclinder  v/ill  e quail 
213 

144  X  1,    or   1.48   cuhic    ft,    v/hich   equo^''s  11,1    gallons, 

200  K    .50 
Velocity  of  piston  '/'ill   he  4  ,    or   25   ft.   per 

minut  e , 

If   six  elevators  nove    at    a  tine,    they  v/ill   require 
6  X  11,1  X  25,    or   lu60   gallons  of  v/a^ter  per  r-iinute, 

VAIT  Ii]L7?rAT0R: 

The  Van   elevator  v/ill  he   operated  by  a   separate  pump, 


on  250  Ihs.    pressure    s.nd  vfill  loe    dealt  wit.h  later, 

Assuniri/^  the   heaviest    condition,    thft   the  majKiFiUra 
munoer   of  eleira.tors   possible   ?,11    stfi't    cit   one   time    (ooth  office 
and   store),    the  puini^s   -viH   loe  onli^rred    to   r>;.rnish    the   following 
oinount    of  v/ater   per  ninu.te: 

V/ATER  I'TEEDEi:': 
Por  Office  Elevators       .      2770   (gallons  per  riinute. 
"      Store   -   Passenger  3140  "  "  " 

"  "        -  j?r eight  loGO  "  "  " 

Totol   -  7570 

?T]!IPS: 
Practically  the    only  pimp   a,vaila"ble   to   handle    such 
large    qu3ntities  of  v/ater,    axe   of  the  high  duty,    compound, 
fly-'vheel   type.        It   is    decided   to   use   three  Laidlavz-J^unn- 
Gordon  punps   of  this  tvpe,    each  having;  one   high  i^ressm^e   and 
tv/o    lev/  pressure    steara  cylinders. 

The   j>mmjB  are    17-3/4"   x  22"   x   22"   x  12-1/4"    x  30" 
ea.ch  of  which  has   a    capacity  of   2550   gallons  per  r-iinute,    v/hen 
running  at    speed  of  56  R.P.M,        These   piiinps   sre   designed  to 
opera,te   <at   150  Ihs .    per    sqiiaxe   inch   steani  pressure,    and  have    a 
mecnahical   efficienc;/  of   85^^, 

]To    reserve   puiup   of  this   type  v/ill  be    installed  a.s 
reciuireiiient   for   the   purips  have  heen   coi'iprtted  on   a  ver;/  lioeral 
hasis,    and   in  case   of    accident   to    one,    the   load   c2!uld  T)e    carried 
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"by  overloading  the   other    two,    end  sJ.  so   running  the  va.n  <'vnd 
nif';ht    duty  puiips, 

ITir;--IT   1)17.;? Y  PTJTIPr!; 

It  is  nonteiaplated  tlint  three  elevators  v/ould  run  at 
night,  one  in  eao/i  corridor  of  Office  huilding,  and  one  in  the 
store. 

As  previous!:'    stated  the   Office   elevators  v/ill  Toe 
cpero.ted   >y   cylinders  }ia.ving  areas   of  160    square    inches,    and 
ea.ch  -Till   require   277   gallons   of  vrater  per  ninute.         Should  both 
stai't    R.t   one   ti/ae    they  v;ill   require   27  7  >:  2,    or   554   ga.llons  per 
minute.        The   Ptore    elevator  has    a  cylinder   area   of  107    square 
inches   and  requires  174  gallons   per  rainute.        Hence   the   raaxi?au-m 
ojnount   of  water    required  of   the   night   duty  pujap   is    r!54-  «^  174,    or 
728  gallons  per  rainute. 

A  Vforthington   Corapound   I^iplex  Steaxi  piirap  14  x  £0  ^  12 
X  10  v/a.s   cliosen,    capahle   of  deliver.ing  750   galilons,    at    76 
strokes  per  rainute    and  1000  gallons   at   100    strokes  per  minute, 

VAJT  EL3T\rAT0R   A'^l^  PTJITP: 

The  Van   elevator   is   intended  to   carry  heavy  v/eights, 

such   as  vans,    safes,    etc.,    not    exceeding  10,000  los.    ".."eight. 

It   V7ill  he   geared  4   to   1,    o.nd  v/iii  have    a  raaxlmura 

velocity  of  150   ft.    per  rainute.        The   efficiency  of   the   lifting 

appa.ratus   is  assumed   at    50fj,        Tn,e   are?),  of  cylinder   required 

10000  X   4 
v;ill  be      250  x   .50^'.,    or   320   sq-uare    inches  vrtiich  corresponds  to 


dimnetsr   of  20   inolies.      One    foot    of   cylinder  iGnrrtii  vdll    equal 

520 

144,    or   2.22   cuoic    ft,   which  nea.ns  lo.l   gruJ.ons   of  water. 

150 
The   velocity  of  piston   is        4,    or   57,5,    and   it    is   af-ismied  tha.t 

the   average   velocity  v/ill    be    BO/o  of  this  fir;i,ire,    or  IS, 75   ft, 

per  minute.      Hence   the   piuap  '.;ill   he   required  to  deliv'-jr  15.75 

X  lo.7,    or    515   p-allons  per  ninute, 

Per  v;a.ter  pressirres   over  150   lbs,    per-  square   inch 

the   outside-packed-pluns-er  type   of   pump   is  the  most    satisfactory, 

hence    a,  K;-io\/les   Oomrjuund  Duplex  Piunp   9"   x  14"   x  7"   x  12"  v;cas 

chosen   for  this  ^rorl:, 

DISOHARGE  A>TD  PRESSURE  ta:~<:s; 

The  volui'ie    of   the   discharge   tcarJc  was  riade   5,5   times 
the   total   voliii-ae   di  splace-ient    of   sil   ele^.'o.tor  cj/lind^.rs. 

The    tota.l   piston  di  splacerient    is   1054   ciihic   feet 
hence    the    disc/iarge   taalc   is    5,5   x  1054,    or    5180   cuhic    feet. 
This  tarik   is   to    oe   constructed  of  1/4   inch   coiler   iron,    and 
raa,d-e    thoroughly  water   tight,    out    ./ill   not    he   ooliged  to    stand 
any  pressure   other  than   thfs.t    due   to  v/eight   of  v;ater.      Its    sine 
is   14  X  21  X  10   ft,    and    it    is  located   in  the  hasejjient,    nc    shov/n 
on  project   Pln,te   II, 

The   pressure   tanlcs   are  located  on   the    roof  of   the 
hiiildiiig.        It    is   cora'nonly  figured   for  raodrjrate    sized,  plants 
that    the  pressure    tajik:    sha].  1  have    a  capa.city  of  4   cuhiib   feet    for 
each  cuhic   foot   of   elevator  piston  di  splacement  j    hut   ov;ing  to 
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th.e   great  niAiuTj-^^r  of  elevators  here,    only  2   ctihic   f.et    of  tn,nk 
capacit;/  for  each,  cn'oic    foot    of   elevator   cli  Bplaceraent ,    v;as 
dee    ed  necessary,        Tle'iic.e   the   press'Ui'e   tcanks  Krve    o    capacity 
of  2  X  1054,    or   2108    cuMc    feet. 

About    one-third  of  the    Ccapp.city   of  these  tanks   is    air, 
and   they  ore   me.de    air  ti-:ht   and  ahle   to  wii;]if3tand  pressure    of 
150   Ihs.    per    square    inch. 

EOILERS : 

The   holier  plant    is  required,    at   the   pealc  of  the   loa.d, 
to    furnish   ste<aa   for   the   three   150  K.''l,    .'-generating  units,    the 
three   hi.'in  duty  puraps,    nn6.   nil    steam  auxiliaries. 

The   coiTihined  efficiency  of  enri^ines   Rnd  generators  is 

assuiied   -at   SOf.   and  as  1  K.'^l.    is  equaJ.    to   1.33  Tl'.P. ,    the    total 

o   X  150  X  1.33 
Horse   Po-/er   -/ill   he  .80  ^i.        ,    or   750   en,c-ine  H.P. 

A  lir;eral    firure    for   the    steaja  consujnption  of   the 
Compound   steaia  enf^ine    is   30  Ihs.    per  H.P.    per  liour,      Therofo^^e, 
these   en,c!:ines  v/ill   require    750  x  30,    or  22,500  Ihs.    of   steam 
per  hour. 

The  ncanvifacturers   of   the   pui.ips   ^ive   85^0  as  their 
raechanic'il   efficiency.        Knovvint;^   this,    the  horse    pov/er  of  the 
purips  v/as  calculated  as   follcv;s: 

Water  pressure   150  Ihs. 

Area  of   each  v/ater   G;;'"linder  117,86    squa.re   inches. 

Length  of   stroke   2.5   ft.      TT-uraher   of   strokes   56. 
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ITecmnical   efficiency  85^,      J^nraoer  of  vrater   cylinders  3 

Hence,    the   H.P.    of  each  piu'ip   is: 
5  X  150  X  117.85   X  2.5   x   n5 

53000  X    ,85f:  ,    or    264.5   ?I,P,    and   for   three   piuaps 

there   v/ill   he  '794  H.P.  . 

These   puinps  have    o.    stea»a  constU'iption  of  £7   Ihs.    per 
H.P.    per  hour,    so    they  ^vill   require    794  x  27,    or    21,400   lbs.    of 
stea-iii  per  hor<.r. 

Hence    steara  required   for   3   enf-ines   22,500  Ihs. 
a.nd  "  "  "      3   elevator  punps^  21,400 

Total   -  45,900  Los. 

It   hcis    oeen   found  thcit  the    steain  consumption  of 
auxiliaries   is  p.hoi;t   lOfi  of   the   steaii  7'equired   for   the  laain 
units,    hence   a.dding  4390   to    ahove   totr.l    shov/s   48290  los.    of 
steaia  required  per  '-our. 

One   ')Oiler  K.'P.    i  r,   equivalent    to    34.5   Ihs.    of  v;at  er 

evaporated  frora   and  nt   212*^   PahreriFieit,    so   that   the    total   above 

43290 
v;ill   require      34,5,    or   1400  K.V,    at    the   peak   of   the   load. 

However   the   hoilers  nay  he    forced  hc^^ond  their   ralng 
to    carry  the   peak,   v/ithout   loss  of  efficiency,    so    it     i9,s  decided 
to  install   foux   300  ^.v,    hoilers   or   1200  ?,.Jl.'P,    to    carry  the 
load. 

One    300  H.P,    reserve  hoiler  v/as   added   to    enahle    nn'y 
of  the    other  hoilers  to   he   Inld  up   in  case   of    Occident,    or  for 
cleaning.        The   mnl:e   of  Toilers    chosen   is   tTie  Eahccck   ojid  Wll. coK 
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A 


lEECH  VTIC  M..   STCK:pP.S 


Rcne"*^  TTechinioal    3tcke:^s   are    to   "be    installed  with 
the  hollers,   and    they  will    he    rpe-^ated   h:'    two    4-1/^"    x   4" 
Westinghonse   staiKla-t^d    encines.         \  vie^f   of   the  hcile'-  and    stoker 
is    shc-vn   on    'Plate   IV, 

CHPINEY 

The   heifht    of   chimney  will   he  oOC   feet,    and    its 
area  was   deter^nined   frori  a    tahle    in  Kent's  Tlechanical   Engineer's 
Pocket  IBci'k,    page    735,    hased   on    the   forrai;la 

H.    P.    =   3.3o    fA-C.o   'Tk)    iTTT. 
W:ere   \»    is    the  a'^ea    in   5qna"*'e   feet   and   H,    is    the  height    in   feet. 
Per  a  height    cf  30r:   ft.    and    coraiiercial  hciler  h(.r>se   power  of 
1201,    the   required   chircney  area    is   25 .  7G    square   ft.,    co^-i-esponding 
t(    a  difixiete:''*   of   do    inches.        This    is  hased   en    the   assuription 
t]:at    5    Ihs.    of   coal    are  burned    pe->"  horse    pov/er   per   he  nr. 

The   chimney  will   he   66    inches    inside  diainete-'-",    lined 
with   2    iTich  vitrified   h"^ich,    and   a   2    inch  air  space   left 
between   t]ie  brick  and    the   shell.         This    requi-^^es    the   shell    to 
be    74    incli  es    in  diainete>^.         It    is    to  he   cms  t'^^uc  ted   rf  steel 
9/IG    inch    tliick  fo--  first    5C   ft.   and  var^'ing   1/I6    inch    less 
f (  r   eac?i    succeeding    5r    ft. 


The   feed    pimps   viill   "be   req^iirecl    tr    pi:rnp   4829C    Its. 
cf  v/ate>"   pe:--"  hcjr,    that   "beinn;   t}ie  amoTmt   needed   at    the   peak 
cf   the   lead.         This    is    eqttal    to   95.5   rallrns    pe>"  riin.         Two 
7-1/2   X   5   X   0   -''jeane   ''iijplex    "teani  pi:nps   •■tHI    "be    installed,    each 
havin?-   a   capacity  (;f   IGC   .reals,    pe^."  inin.   -vh  en   ninnln.^-  at    rvi.ted 
speed.         The    installatirn   cf   t-.vo   purips    insures   against   shi;t   dov;n 
cf   plant    in   case   ff    accident,  to     eii-ker, 

^ET-jJD  ^'/\T5:-^    HEATER 

The   feed    oatei^  heate"   to  he    installled    is   a    7  x   Y-i 
ft.    hcriscntaj    open   pan  heate'^,   naam;f ac tvr'^ed  h"  Wm,   Ba-'agivanth 
&  Sen,    a7id    is   desi-'^ned    to   heat    ICC    c;allons    cf  -.^ate:^"   pe^*  rain, 
from   60 1-    to   210  o  f. 

HE  .A.  TINS; 

The   system  for  heating   this  bnilding   above   street    level 
wii]    differ   f'^en   that    fo:"  heatin*"   helew.         Ahove   st'^eet    ]e'"'el 
the   '¥ehster  \'-acm.im   syston  will   he  used;    the  hasenents   wil]    he 
heated  hy   Indi-'-ect  method,    that    is,    ai"^  ''fill   he  dravm    into   a 
closed   room    in    the   ijppe"^   suh-hasement ,    in  v/hich   are    located    coils 
cf  steam  pipes.         \fte'^   the  ai^"*  of   the   ■^oom   is    heated,    it  will 
he  foi'-ced    througli    ducts    to   va'^ious    pa>^ts    of   the  basements.         This 
will   he   done  "h^r  fivo    55"    ?;iiffalc    Forge   Oc's    fans,    each   belted    to 
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to    a   'i-lM   '■•    P»    TTiotr^. 

As    the  "basements   have  no    rlfiss    or   exposed  waHls,    the 
airx-nnt    cf   radjatlnr   sn-'-'face  was    calciilatecl   on    the    oasis    of 
cnhlcal    content,?  071I7, 

Kent,    in   his    "Pocket   "^cok",    paf^e   557,    o":nte3    that 
one    sqvKire   foot    of   -radiating   su-^face  i-iill    heat    ICC    cnhic   ft. 
of  space    in   pa^^'tiall''   exposed   re  nns ,        Hcweve^,    these  hasements 
a-'-'e   net    exposed   021  ^jny  side,    hence    it  ni-ht  he  assuraed    that 
undei^-   t]\is    ccndition,    the    ICC    crhic    ft.    could    "be    inc:^eased 
50/b,    ov  one   square   ft.    cf  radiating   sm-'faGe    to   heat    150    critic 
ft.    ('f   cojitents.        JLent's    statement,    hoAvever,     is   based    npon    the 
direct   s:•^sten   of  heating,   and   must   he  modified   for   indirect  work. 

In  ^Tahcock   '■'■:   Vile  ox  beck   "Steam"    page   91,    the^;- 
state   that  -/hen    the    indirect   svstem.   is    employed,    fi^on   50    to 
10  0/j  more   radiating   si'r*face    is    ■"eq^'i^^d,    than  binder   the  dii-'^ct 
s^'stem.        Hence    the    15C    cubic   ft.    of    ^-^diating   surface   slicrild 
be  decreased,    and    ICC    c'bic   ft.    is    the   figir-^e   adopted. 

The    cubic    content    of   the   basements    is    1,84   :^,OCC    cubic 
ft.    and  -'vith    the  above   3CC   ci;bic   ft.   assumption,    18,430    square 
ft.    of   radiating   sn-i^face  wil]   be  t-'eqi-lred. 

It    is    corrunonl:'   figijred   that   o/lC    lbs.    of   steam  will 
be   condensed    pe^*^  sqiia^^e  fcft    of  radiating   siirface   ^ev  hovr, 


and    fc^   the   184P,n    sq.    ft.    it   -rill    "be    55.'50    lbs.    pe>-  hdit-,    o-i-   9-^5.2 
l"bs.    pel"  I'linnte,   'vhich    is    the    equivalent    of   11    ftallons    cf 
wate'''   pe-*-"  minute. 

Fo""   the    pa'^'t    (.  f   tills    ciiildint!;     a"bo"'e  street    level    the 
nrrniher   cf  feet    of  -"adiaticn,    and    the  ancunt   of   stea'n   c condensed 
pe'^^   hov:'^,    were   calcnl-'.ed    f^f^-^,   Carpenter's    fcmmla 

Er  2RC    (55        ^  .    4 1,90,    in  which 

K   is   nui'iloer  cf  feet    (z    radiation 

C    =      cnbic    ft.    of   content 

(r   -      square   ft.    of  glass   area 

V/  =      square   ft.    (^f  wall   a'^ea 
This   ff>rrni5la  as    it   stands    is   based   on   the  assi^mpt ion 
that    there   shall   be   a    temperatvire   of    7C*   y.   maintained   within 
the   bi;ll(ilng,    when    the    temperature  wlthoi7t    is    IC '   be^cw   ?iero; 
aiid    th '^.t  880   heat   units  will    be   f^iven  up   pev^  hou>-^  foi^   encYi 
squ.are  fo<^t    of  :>"adiatinc   su. ■•'I'aGe. 

New   the   c^C'^^ci   area   of    t?ie   stcre    part    of   building 
is    51,8Ct;    sq.    ft.,    height    1st    to    8th   flco-    inclusive,    115.5 
feet,    }ience   cubic    content    is    thei-*"   prodr/ct,    o:""   5,98C,CC 
cubic    feet.        Hrcrmd   area   of   office   pa^'t    is   38,150    sqiuare 
feet.         Height,    8th    floo:"   to    ^n-c  f    inclusive,    91-!    ft.,    cubic 
ccntent,    the   product    of    these^5, 51G ,000    cubic    ft.        Kence    the 
"0"    in    Oa-'-pentev-'s    fr-naula,    he>'e    is    9,4nr:,000    cubic    feet, 
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and    "W"    o-f  wall   s-n^^face    Is    16C  ,'.^5C    sq.    ft.    .-incl    "f":",    c^-  rlass 

surface   is    1C5,6'-^C    sq.    ft.,    from  which 

80  9,490,000  15C.2nO 


Rs;     t^80x9n    (  55  +   105,o?,C    +-  4         )    which   .fives 

10  0,900   sqiia'^^e   ft.    of  radiatinf;  surface,    and    this   multiplied 

X  v3/lC    Yo.i.    of  steani  f^ives   31,300    lbs.    steari   coixlensed    per  hour, 

equal    to    3640    -^als  .    wate'^   per  hcu'^,    cr   oC .  6   gals,    per  :mln. 

A-ddinf'    the   31,300    lbs.    steam  j-equired    ^per  hoi;r  for  direct 

system  and        5530      "  "  "  "         "  "      indirect 

system   -    the   tc^tal   for  huilainf^    is   35,83)0    lbs. 

One  3,   H.    P.    will    evapct^ate   34.5    lbs.    pe-'^  hcn--^;    hence 

36830 
ther'^e  vrill    be   requi^^ed   foi'   this   b^'ildinfT      34,5      cr  1068  T<,   H,    P. 

But    al^'ead;'   lyOC    -.    >;.    P.    has   been   provided   f(-^  steam   tr    en.'^ines 

arid   pnmps ,    and   hence  no   additional  boi3e>"s   need   be    installed   for 

hoatin;^,    as    the   exhaust   steam  wil.!    be   s^'ifficient    to   heat    the 

building, 

.    VAGTJTJI   PIMPS 

These   a^^e    '-eqriired    tc    handle    the    condensed  water  from 

the    "^adiating   surface,    tcgethcr  with   the  airr/hich  accumulates 

in   the    radiator.         The    latter   •f./as    assumed   as  ha'^'ing   fc^r   times    the 

volume    of   the  wate'^. 

The   cf'ndensation  f"^rm   the    indirect    system  ■•/as   fiamd   to 

be   11   gallons    per  min.   and   fi-'on    the  direct    system   60,6   g-allons 


permin.,    :i    toi:al    of    711.3   f'n.ls.    p-^^  nin. 

Four   tim»s    this    i-'antit"  cf  ai"'^  wi!!!    be   <!85   gallons. 
Hence    the    pmips   -vlTl    have   tf    handle    the   s''^m   of    t?iese   figures, 
cr  35  7.5   j^als.    pe''"  riin. 

T";o  .Kn(  'vle5    o   x   0   x    10      air  o  "  vacnvm"    p^-nps   v/ei^e 
chosen  fo'-^   this   wr-^k, 

A.  'RetDi^ns    Receive^   tank  '-i   ft.    di-atnete'-  and    5   ft.    long, 
will    be   in.3  tailed,    into  v/hich    the   ^etum   condensaticn  will   be 
pv.inpeG  ,    a>-id   f-ron  which    it  iyH]    gravitate   to    the  Teed   '.ater 
Heate--",    as    shown   on    "Plates    III   and    I'''. 

HQTJSE   PJf.IPS 
To  d^ter^^'iine   the   s  ise   cf  '■'oi^se   Pvinps   needed,    an 
allowance   of    .4  gallons   of     water*   pe^  square  feet    cf   stcre  and 
office   space   fry  'PA   hcvirs  was  nade. 

Area   1st    and    --ind   baseia'^^nt.-    each   51, -'.CC    si.    ft,    -   13V5,4CC    sq.    ft. 
"       1st    flc-cr  .34,518      "         "       =      o4,rl8      "         " 

"      '--ind    to    7th   fl(f:"s    each  47,578      "         "      «   '.484, CCC      "         " 

"       8th    to    15th         "  "  y.s,CCC       "         "       -    i:-^M,4Cr       "         " 

Total  area  -  664,918  "  " 
This  m^iltipl  ied  Id'"  ,4  gals,  rives  :-i65^967  gals.  pe>-  24  honrs ,  or 
185   gals .    -per  rain. 

Two    ^iirtith- ^aile    7"    x   8",    single  acting   triplex   pumps, 
each  with    capacity  (>f    160    to   ii^C   gals,    p.-^  rain,    were   chosen      and 
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each   pirap  wi]]    T;e  d.-^lven   'h'"  a   10   H.    ;p,   rnctc:>-,    ccnnected,    to    the 
pi;.Trips   ty  a   chain  helt.        These   pi^rips    '/ill   i^im   at   a   speed   of 
50    -?.    T=.    "T. 

riRS    PUTiPS 

Two   "'o"'-'thin2'ton   duplex   stenza  driven    "'Tnde'^.y^itrtr's 
"Five    Prraps "   will    be    installed    +"0"  fire   prrtecticn.         The"'  are 
14"    X    7-I/4"    X    IH"    and    each    vrill    punp   500    ftal.s.    fjf  water   per  min, 
The.       ht'^'se  and   fire   pnnps   \iilJ    (htain  water  frt'rn  a  hasement 
hnJse   tank  6   x   16   x   10    ft.,   v/hich    equals   '^60    ci^hic    ft. 

^Vate''^    is    tc    h«   delivered    tf     this    tank  frrn    the   cit^- 
niain  and   passing   th'^ruf^h  a     v/ate'>^  raeter.        The   hc^se  piraps 
purap   frcii    t'lis    tank   tc     a   reef    tank,    frcm  v/hich    th"^   -vater  will 
gravitate    tc    the  va"^ioi3s    fixti;>"es   rif   the  build  in.". 

Planf^ed   WTup-ht    i^tn   steam   pipinf"   v/ill   he   I'sed 
t h ■»'•(' 1 : r;h c ■>  1  ^; ,    and    is    t('   be   of    p'^^c  pe'^  st'^enp"t?i    t(    ca'"'^"   steai'i  at 
a    p>7essure   of    150    ]hs.    pe'"   squa'-'e    inch. 

Stean    coi-nes    f'^'cra    the   be. ilea's    th^onprh    8   inch    Icng- 
radii;s-bei:d    feede>-*->,    to    the    14    inch   heade"   running   nea-*^!"^'   the 
length   of    the   bcile-^  rocra. 

*    9    inch   line   of  piping    in   the  foni   cf  a   loop    is 
taken   off   f'^on  this  heade"  and    passes   abound    the   engine  vc.cm. 


The    en;'^i>'ie'^   anrl    punps    take  stean  f"'"(irn   this    1(  rp. 

The   size   cf  all    pipirirT   tc  "be  I'secl    in   t}iis    pla.nt 
was    dete^rained   "b';''    the    "■[a'fc-le    cf   '^'jqiiaticn    of   "Pipes",    pafe 
101,    of  r-'abcok   ^'•:  ''/ilccx's   Catalogiie   " '"teoxi"j  lcnewin.«\   the   size 
and   n^ml-jei^  cf    leads    to   he    t'iken   from  an;''   line   cf   pipe. 

A-iistin   stean   separators,    vertical    type,    are   tc   he 
placed    in   the  h-"anch    to    each    engine   and    pi^rap,    as    shovm    in   the 
detailed    elevations. 

j^ixha"-st    pipin.'^    is    to  he   laid    in   t->^enche=:    of   18" 
tc   24"    sqiJare  accor-airjf;   to    size   of   pipe.        Two    IS"    lines 
of    exhaiJst    pipe  will    he    pi:t    in,    cne    >^mninr;^   f>'om   ^llevato'*^   p^mps , 
and    the   othe:*"  f'^o^i    the   enjTines   and   a^Jxil  3  ia/'^i  es. 

These    exliaji-st    lines    ente>"   an    expansion    tank  4    ft. 
in   diaraeter  and    IH   ft.    Icn^:,   Trf "i   th1=;    tank   two    15"    risers 
are   taken,    one   f^oln^^   to   the  heat  In.""    loop   in    the  attic   and    the 
othe-'"   to   the   exhaust   head    on   the   -^ocf. 

The  a'^'^an-Ternent   and   size   of  all   pipin'^'    is    clea'^l'" 
siiov/n   en   the  detailed   plan  and   elevati(ns. 

TSLE'^^A.rO'R    PTJTIPS    PlPIXfi 

T>ie   three  high   dvity  elevate*'"'   pni-ips    each   have  a 
suction   opening  of   18   inches   diamete^   and   discharp;e   of   14    inches. 
?roDi    the   equation   of   pipes,    it  was    found    that    three  18"    pipes 


^fje^e   e-r:ivalent    to    ciiP   '.>5"    pip^,    and   hence    tb.f?    pipe   f:^or'i 
dischar/^e   tank   tc    the   pnnp.s    is    tc    ce   86"    dia^nete>'  and   villi   he 
cast    i'-cn.      ^^r-iila^^l-',    the  c  ischa'-^fe   pipf^  rnvst   he  20"    di-'Trieter 
and  w i ]  1    be  w^f  'U ,c-h t    i :^cn  . 

\s    this    pcwe"^   plant    is    located    in    the    lower-  ^nh- 
fcaseTnent,    44    ft.    helr-'v   st'^eet    level,    it    j>    necessa"'^^'    tc    p'^^ovidf^- 
means    of    ^aisin^"^    the   hasement    sewaf^e    tc    the    level   rf    the    se\«;er    in 
the   street.         Pov   this    pii"''"pcse   t'vf.     Shone  J-'i  ectc-'^s   will    be    installed 
in   a    pit    at  hcttfrn   of  'vhich  will   be   the   Idlest    point    in    the 
"basement . 

T'  e   blo.v-offs   f-*"f^i   the    bo-ile^s    empt:'    into    the   blow- 
off   tank  at.    ^^ea'^^  of   the  h(^ile>^.s,    and   from   that    tank   the 
water   p;T-*a'''itates    to    a    coolin'^    riit.         'Che    outlet    from   this 
pjt    leads    di'^ectl:''    t(-    the   e^.ecto"'''s    and    is    aboi;.t    foiiv.  feet    from 
"bottom   o:*^   the   ■^it,    ■'■h'']s  malntalnin''^   that   de'nth    of  wate'^    in   the 
pj  t ,    vrhich  will    allow    the  wate^"   tr    become    ceo]    be:'^o'>'<^    flowing 
to    the    e,"!  ec tc'^s  « 

^.11    low   p'»^ess'"'*^e   d'l^irS  are  tc   be   ca'^''''^ied    in    the    exhn.nst 
pipe   conduits,    and   will    em.pt^'   into   a   tank  under   the  flco-"^   in  which 
they  will   flow   to    the    cooling;:   pit   a.bcve  m.entioned,    and   f'^^om   this 
to    the    e.T  ec t C'^i^s  •         These    ei  ectc^s   a'^e    0T)e^ated    bv   comT)res3ed.    air* 
Mr    is    supplied   to   a   p'>^essu->^e   tank  at   about   85    lbs.    p'^^essuve,    by 


--'^;5  — 
either  cf   twf  nC'tc-^-dT-'i ven   ho:^izcntal   al:"  ccnp''^es.-o:^!5   and    is 
piped   frorr.   the   tank   to    th3    ejectors.        "'hen   the   ejectors   fill   'Yith 
water,    a   float   ■''•alve  aclnits   air  f'»^cin  the    tank,    which   fff'ces    the 
sewage  up   tr    the   city   sewei^s.        'fhe   starting   and   stepping   cf   the 
motors,    d-^iving   the  air  conpressc  rs ,    is   a^itoiriaticallv   accomplished 
t^^   el  ect  i^ica  lly   connected    p^^essure  gi?ages   and    solenoids.      Thus, 
when    the   pressure   in   the   ai^   tank  falls,    the  hawd    of   tha-   g"agft 
moves   around    the   dial   and   coines    in   contact    "rith  a   platinum   prints 
closing   the  ca:*''ciiit    th'"(";gh  the   solenoid,    -.vhich  .Tioves    the    iron 
co'^e  r;p,    and    in   t'l'^^n   closes    the  notor  circuit,    and   starts    the 
machine.         ^ls    the   p'''*ess''V'^e    in    the   tank   inc-^eases,    the  hand    cf 
the  guage   is  moved   iintil    it    comes    in   contact   with    anothe'^   pla.timj2n 
point    on   tlie  dial,    hreaking   the   ci^^ciiit    through    the  solenoid, 
and    th^^s    opening   the  moto""  switch,    and   stopping    the  machine. 

\13    high   p"'''essv'ire  d'*'iT)5''vill   he   conveyed    th'^''3gh 
pipes    tc-    an    enclosed    tank    in    the   sfirie    pit   with    the    l("w   p^^essHre 
dr  ii^ij  cool  inr    tank.         !^'^(  m   that^it   will    he    ^^et'T'^ned    to    the  hcilers 
hy  means   of   a  Holl'"'  Loop   locat'="'d    in   the  fl^'st   hase^.ent. 

T^  is    Cf" n c I'kI es    ''he  n.nal'"'si3    and   d.ssc^i^tien   of   this 
plart    and  af:>lfinrf€na»eas    io   Se    intin//e  e^>  It    is    evident    that 

this  design   does   not    contem.plate   low  first    cost   as    principal 
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considerate  en;    t^it   "nthe-   to   obtain    efficient   work  and    irsn-e 
contir:>joi3s   nnfailin;-   cperation;    as   yreU    as    to    pr-cvide    arainst 
earlv   c-  '-apld   dete^ic^-ation,    and    the^efo^-^.   keep   the   cost    of 
maintenance  at    lowest    figi;re   pcssi>:le. 


■^>-      ^'^-      -^f- 


--*^'r  "-^:; 


